using this description, it becomes possible to express the adsorption equilibrium in terms of total concentration index of solutes, for example TOC, in wastewater.
The object of the present study is to propose an approximate description of the adsorption rate characteristic of wastewater for which solutes and composition of the pollutants are unknown, and the concept of C.D.C. is applied to the adsorption rate of wastewater. These descriptions of adsorption rate and equilibrium of wastewater may be used in the design of adsorption columns for the treatment of wastewater.
Theory
Here let us consider the rate of concentration change of wastewater for which C.D.C. is known, in a batch adsorption operation. The C.D.C. of arbitrary wastewater can be obtained by Method I, which shows the most reliable results amongthe three methods proposed in the previous paper4}. Next, the following assumptionsare made. this paper, however, the L.D.F.A., proposed by Gruckauf1} and recently used for the analysis of adsorption columns3}, is adopted in spite of its rough approximation. This is because the object of this paper is to describe the rate of adsorption of unknown multi-components in wastewater and so it is difficult to apply the more exact method to this study. Assumptions 1 and 2 agree with the experimental conditions mentioned in the section, "Experiments".
In the previous paper4\ the authors proposed the concept of C.D.C. to describe the adsorption equilibrium of a multi-solute system, and the purpose of this paper is to extend the concept of C.D.C. to the adsorption rate of the multi-solute system. When L.D.F.A. is adopted, the adsorption rate equation is represented by the product of ksa and the driving force. Since the driving force is represented by C.D.C. of the original solution, ksa can be assumed to be a function ofx. Therefore this function, ks(x)a, is dependent on adsorbates and adsorbent.
From the above descriptions, the following rate equation is obtained. dq(x9t)/dt=kM(x)a{q*(x9t) -q(x9t)} (1 ) As the volumeof solution in adsorbent can be neglected, from the material balance of the batch adsorption process,
where A is amount of adsorbent per unit volume of solution. Whenmulti-solute adsorption equilibrium is assumed to obey the Markham-Benton equation4), Eq. (3) can be obtained from Eqs. (1) and (2). by using TOCanalyzer, and ks(x)a was determined from it. 2. Another curve for a wastewater diluted by adding someamount of pure water was observed, and was compared with the predicted curve by using the ks(x)a determined for the former wastewater.
The experiments were performed using two kinds of synthetic wastewaters. They were aqueous solutions which respectively solved cyclohexanol, phenol, water II). Spherical activated carbon from Takeda Chemical Industry Co., Ltd., X-7000 (0.154 cm average diameter), was used as adsorbent. The procedure of the differential adsorption experiment for the determination of C.D.C. was exactly the same as that described in the previous paper4\ The experiment for adsorption rate was performed by the usual batch method. As the speed of the impeller was sufficiently fast, the mass transfer resistance in the liquid film was negligible.
Results and Discussion
The experimental results for adsorption rate are shown in Figs. 1 and 2 . Using the parameters obtained from D.A.E. curves, ks(x)a was determined from the curve of concentration change which has the higher initial concentration of the two curves for each wastewater, and CT{t) curves calculated by the uses of the determined ks(x)a (fitting curves) are plotted by a broken linein Figs In the practical calculation for the determination of ks(x)a, we adopted Eq. (6) as a simulation formula. ks(x)a=^+^x+^2x2 (6) In this case, the parameters to be searched are three, that is, /30, /3i and /52. The practical calculation for determination of the parameters was performed as follows. As C(x,0), Q(x) and A are known, when /30, /?! and^2 in Eq. (6) are assumed arbitrarily, Eq. (3) can be solved with Eqs. (4) and (6) by the RKG method. The q(x,t) obtained is substituted into Eq. (5), and CT{t) is obtained for the assumed parameters.
Therefore, the optimal values of the parameters are searched so as to fit CT(t) to the observed curve by the SIMPLEXmethod. On the other hand, the prediction of CT(t) for the system of known parameters can be performed by solving Eq. (3) with Eqs. (4) and (6) and by substituting q(x,t) into Eq. (5).
Experiment
To verify the applicability of the present method, i t is required to show that ks(x)a determined for a wastewater can be applied to other wastewaters which rate curves for lower initial concentrations are shown by a solid line in Figs. 1 and 2 , by the use ofEq. (3) and ks(x)a obtained above, and are compared with the experimental results. The prediction errors are shown in Table 1 . Let us call this description technique Method I in this paper. Method I is compared with the lumped parameter method, MethodIII, to verify its usefulness. In MethodIII, the solutes in wastewaters are considered to consist of one unadsorbable and one adsorbable solute, which obeys the Langmuir equation. This is the same treatment of Method III as in the previous paper4). The L.D.F.A. is adopted for the adsorption rate, and the fitting curves and curves predicted by MethodIII are also shown in Figs. 1 and 2 . The fitting and prediction errors are shown in Table 1 4) Okazaki, M., H.Kage, F. Iijima and R.Toei: /. Chem. Eng. Japan, 14, 26 (1981) .
5) Suzuki, M. and K. Kawazoe: Seisankenkyu, 26, 275 (1974) . 6) idem: J. Chem. Eng. Japan, 8, 379 (1975) .
